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I .  INTRODUCTION 


This  study  analyzed  the  deformation  and  stress  concentrations  of  the  M549 
and  PXR  projectiles  using  finite  element  models.  The  stress  analysis  proq*-a~ 
subjected  these  models  to  a  static  loading  which  simulated  the  in-bore 
environment.  The  deflection  of  each  projectile  outer  surface  was  examined  for 
unusual  deformations  which  might  cause  excessive  gun  tube  wear. 

A  second  phase  of  the  study  examined  the  feasibility  of  adding  a  scoor  t-, 
the  f r • ;t  end  of  each  projectile.  The  scoop,  assumed  to  be  the  same  steel  as 
its  as  .^v.'ated  projectile,  was  modeled  on  the  155-mm  water  scoop  designed  hy 
Honeywell.  Results  show  that  both  the  M549  and  the  PXR  may  be  so  modified. 

II.  STRUCTURAL  ANALYSIS 

The  inert  model  of  the  M549  is  a  thin-walled,  two-piece  projectile  of 
high-yield  warhead  steel  (180,000  psi  minimum)  with  an  aluminum  plug 
(simulating  a  rocket  nozzle)  force  fit  into  the  base.  Figure  1  shows  the 
configuration  of  the  projectile;  the  finite  element  model  used  m  the  analysic 
is  shown  in  Figure  2.  The  PXR,  a  single  piece  M549  simulator  round,  has 
thicker  walls  than  the  M549  but  is  made  of  a  much  lower  strength  steel  (65,rr; 
psi  minimum).  The  general  outside  dimensions  and  the  loaded  weight  are  the 
sane  for  both  projectiles.  The  dimensions  of  the  PXR  and  its  associated 
finite  element  model  are  shown  in  Figures  3  and  4,  respectively. 

Both  projectiles  are  loaded  externally  by  a  40,800  psi  chamber  pressure 
which  extends  from  the  base  to  the  rearward  edge  of  the  rotating  band  seat. 
Acting  along  the  seat  are  a  45,000  psi  normal  pressure  and  a  9,364  psi  shea' 
pressure  . 

Internally,  a  fill  material  exerts  a  pressure  distribution  which  is 
assumed  to  be  linear.  The  pressure  increases  from  zero  at  the  forward  edge  of 
each  projectile’s  interior  cavity  to  a  maximum  pressure  at  the  cavity  base. 

Tne  magnitude  of  this  pressure  is  dependent  on  the  weight  of  the  fill,  the 
acceleration  of  the  projectile  and  the  average  cross-sectional  area  of  the 
cavity.  In  the  M549,  this  distribution  is  sliqhtly  different,  si  there  a--> 
two  cavities.  Ttie  peak  fill  pressure  is  reached  at  the  rear  of  t’  loncie- 
cavity;  the  pressure  in  the  smaller  cavity  increases  only  to  about  90i  of  th~ 
peak  . 

To  balance  both  the  internal  and  external  pressures,  an  acceleration 
applied  in  tne  direction  of  projectile  motion.  For  the  M54c-,  this 
acceleration  is  8905  g  (286,740  ft/sec2);  for  the  PXh  ,  Wi'  ( 2n  4,33 

ft/sec  2)  .  The  accelera  •  ions  differ  since  the  finite  element  scheme  t-a 
on  tne  unfilled  weight  of  the  proiecti les . 
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After  examminq  the  stresses  and  deformations  of  the  standard  projectiles 
design  modifications  were  made  to  both  the  M549  and  PXR.  A  scoop,  weiqhmg 
approximately  13.8  pounds,  was  placed  at  a  point  16.40  inches  from  the  base  o 
the  PXR  and  at  21.10  inches  from  the  base  of  the  M549.  The  scoop,  shown  in 
Fiqure  5,  was  assumed  to  be  of  the  same  steel  as  the  projectile  on  which  it 
was  placed.  The  redesiqned  finite  element  models  are  shown  in  Figures  6  an! 
7. 

The  pressure  conditions  on  the  redesiqned  projectiles  were  similar  to 
those  described  earlier.  The  exterior  pressures  on  the  base  and  alonq  the 
band  seat  are  the  same;  the  interior  pressures  are  sliqhtly  different  due  to 
changed  weights  and  interior  cavity  alterations.  Acceleration  remained  about 
the  same  for  the  M549  (8860  g  or  285,290  ft/sec2)  and  the  PXR  (8870  g  or 
285,610  ft,/sec2)  . 


Figure  5.  Modified  1 5 5 -aim  Scoop 
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III.  RESULTS 


The  inner  diameter  of  the  15S-mn  gun  ranges  from  6.100  to  6.102  inches 
The  M549  develops  a  maximum  deformed  diameter  of  6.1018  inches  in  the 
hourrelet  area,  about  13  to  15  inches  from  the  base  of  the  projectile.  If 
qun  tube  is  small,  the  M549  could  cause  unexpected  wear  on  the  land  surfac 
Howeve> ,  the  deformed  PXR  diameter  remained  below  6.1  inches,  with  c/  maxi- 
deformed  diameter  of  6.0974  inches.  Fiqures  8  and  9  show  the  deformation 
the  exteriors  of  the  two  projectiles,  exaggerated  for  clarity. 

The  M549  and  PXR  both  withstood  the  initial  stress  loading;  no  part  cf 
either  projectile  bore  stresses  exceeding  the  materials'  yield  stresses  by 
more  than  two  percent.  Figures  10  and  11  show  the  stress  distribution 
throuahout  the  projectiles,  with  the  darker  areas  indicating  areas  of  high 
stress  . 

The  redesian  analysis  showed  that  both  the  M549  and  the  PXR  may 
successfully  be  altered.  Figures  12  and  13  show  the  resulting  stress 
distributions  throuahout  the  projectiles  after  application  of  the  forces 
aescriDed  previously. 


IV.  CONCLUSIONS 

The  PXR  projectile  under  the  loading  expected  in  firing  displayed  no 
unusual  deformations  which  would  cause  excessive  tube  wear.  However,  the 
could  cause  downbore  wear  in  a  small  and/or  new  gun  tube.  Neither  project 
when  modified  with  a  scoop,  developed  an  interference  fit  with  the  tube  la 
surface  . 

Beth  the  M549  and  the  PXP  withstood  the  stresses  caused  by  firinc  i- 
normal  and  scoop-front  models. 
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Figure  9.  Deformation  of  OJter  Shell  of  PXR  Projectile 


Figure  10.  Stress  Distribution  of  M549  Projectile 


Figure  11.  Stress  Distribution  of  PXR  Projectile 
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